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SEMICONDUCTOR DEVICE WITH SUPPLY
VOLTAGE-LOWERING CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
having a supply voltage-lowering circuit which steps down
an external power supply potential to generate an internal
power supply potential and supply it to the 1nternal circuit of
a semiconductor chip.

In recent years, as the elements of semiconductor devices
continue to shrink, ¢.g., the gate oxide film of a MOS
transistor 1s becoming thinner, and the breakdown voltage 1s
becoming lower. For this reason, a supply voltage-lowering,
circuit 1s incorporated 1n a semiconductor chip to step down
an external power supply potential within the chip and
supply the obtained potential to the internal circuit, thereby
decreasing the electric field strength applied to the gate
oxide film. Such a technique 1s disclosed 1n, e.g., Jpn. Pat.

Appln. KOKAI Publication No. 5-21738.

However, the output characteristics of this supply voltage-
lowering circuit are unstable due to various noise factors,
and this leads to malfunctions of the internal circuit.

FIG. 1 1s a block diagram showing the schematic arrange-
ment of a semiconductor memory device as an example of
a semiconductor device having a supply voltage-lowering
circuit. FIG. 1 shows an extracted circuit portion related to
the supply voltage-lowering circuit. A semiconductor chip
11 receives an external power supply potential Vext, a
oground potential GND, an input signal Vin, a chip control
signal /RAS, and the like. This chip 11 includes a memory
portion 12, an 1nternal circuit 13, a supply voltage-lowering,
circuit 14, and the like. The supply voltage-lowering circuit
14 steps down the external power supply potential Vext
applied to the chip 11 to generate an internal power supply
potential Vint and supply 1t to a power supply line 15-1. The
oround potential GND 1s externally applied to a power
supply line 15-2 and used as an internal ground potential
Vss. Both the power supply lines 15-1 and 15-2 are con-
nected to the memory portion 12 and the internal circuit 13
to apply an operation voltage. A capacitor 16 equivalently
represents the capacitance between the power supply lines

15-1 and 15-2.

FIG. 2 shows an example of the configuration of the
supply voltage-lowering circuit 14 in the circuit shown 1in
FIG. 1. This circuit 14 1s constituted by a current-mirror
differential amplifier M 1ncluding P-channel MOS transis-
tors T1 and T2 and N-channel MOS transistors T3 to TS5, a
P-channel MOS transistor T7 which controls the operation
of the differential amplifier M, N-channel MOS transistors
16 and TS, a driving P-channel MOS transistor TO for
stepping down the external power supply potential Vext to
the mternal power supply potential Vint and supplying it to
the memory portion 12 and the internal circuit 13, resistors
R1 and R2 which generate a monitor potential Vm to
monitor the level of the internal power supply potential Vint,

and the like.

The sources of the MOS transistors 11 and T2 are
commonly connected, to the common source connecting
point of which the external power supply potential Vext 1s
applied. The drains of the MOS transistors T1 and T2 are
respectively connected to those of the MOS transistors T3
and T4, and the sources of the MOS transistors T3 and T4
are commonly connected. The gates of the MOS transistors
T1 and T2 are commonly connected, and this common gate
connecting point 1s connected to the common drain con-
necting point between the MOS transistors 12 and T4. A
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2

reference potential Vref generated by a reference potential
generation circuit (not shown) is applied to the gate of the

MOS transistor T3, and the monitor potential Vm 1s applied
to the gate of the MOS transistor T4. The drain of the MOS

transistor TS 1s connected to the source connecting point
between the MOS ftransistors T3 and T4, 1ts gate 1s con-
nected to the gate connecting point between the MOS
transistors T1 and T2, and 1ts source 1s connected to the drain

of the MOS transistor T6. The internal ground potential Vss
1s applied to the source of the MOS transistor T6, and an
internal RAS* signal (signal having a phase opposite to that
of the chip control signal /RAS) is supplied to the gate.

The source of the MOS transistor TO receives the external
power supply potential Vext, and 1ts gate 1s connected to an
output node N1 (drain connecting point between the MOS
transistors T1 and T3) of the differential amplifier M. The
channel width W of the MOS transistor T0 has an optimum
value which 1s determined by the sum of power consump-
tions of the memory portion 12 and the internal circuit 13.
The source of the MOS transistor T7 1s connected to the
drain of the MOS transistor T0, and 1ts gate receives the chip
control signal /RAS. The internal ground potential Vss is
applied to the source of the MOS transistor T8, and the
external power supply potential Vext i1s applied to 1ts gate.
The resistors R1 and R2 are series-connected between the
drains of the MOS ftransistors T7 and T8. The gate of the
MOS transistor T4 1s connected to the connecting point
between the resistors R1 and R2 to apply the monitor
potential Vm. The internal power supply potential Vint 1s
output from the connecting point (output node N2) between
the drain of the MOS transistor TO and the source of the
MOS transistor T7.

In the above arrangement, as shown 1n a timing chart of
FIG. 3, when the chip control signal /RAS 1s at “H” level
(internal RAS* signal 1s at “L” level), the MOS transistors
16 and T7 are OFF, and the differential amplifier M 1s
mactive. At this time, the transistor T0 1s OFF because the
output node N1 of the differential amplifier M, 1.e., the gate
potential Vg of the MOS transistor T0 1s at “H” level. The
monitor potential Vm 1s equal to the internal ground poten-
tial Vss because the connecting point between the resistors
R1 and R2 1s grounded through the resistor R2 and the
drain-source path of the MOS transistor T8.

When the chip control signal /RAS changes from “H”
level to “L” level (internal RAS* signal changes from “L”
level to “H” level), the MOS transistor Té is turned on to
activate the differential amplifier M, and the MOS transistor
17 1s also turned on. At this time, Vm<Vref because the
monitor potential Vm becomes equal to the mternal ground
potential Vss. The output node N1 (potential Vg) of the
differential amplifier M 1s inverted to “L” level to turn on the
MOS transistor T0. Accordingly, the output node N2 of the
supply voltage-lowering circuit 14 1s charged by the external
power supply potential Vext to raise the internal power
supply potential Vint. When the potential Vint 1s charged
from the standby potential Vss to Vint r2/(r1+r2)=Vref (rl
and r2: resistance values of the resistors R1 and R2),
Vm>Vrefl holds. The output node N1 of the differential
amplifier M changes to “H” level to turn oif the MOS
transistor T, which interrupts the supply of electric charges
to the output node N2 of the supply voltage-lowering circuit
14. When the potential Vm falls and Vm<Vret holds, the
MOS transistor T0 1s turned on again to repeatedly perform
the same operation.

As described above, when the chip control signal /RAS 1s
at “HI” level (internal RAS* signal is at “L” level), the
supply voltage-lowering circuit 14 1s discharged to set the
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monitor potential Vm to the ground potential Vss regardless
of the mternal power supply potential Vint. When the signal
/RAS changes from “H” level to “L” level, the internal
power supply potential Vint must be forced to rise until
Vm<Vrel, 1n order to operate the memory portion 12 and the
internal circuit 13. In this case, when the signal /RAS
changes to “L” level, a large current Iint flows from the
supply voltage-lowering circuit 14 to the memory portion 12
and the mternal circuit 13 to increase the power consump-
fion. As a result, the internal power supply potential Vint

becomes higher than the set potential.

A CMOS 1nverter 17 constituted by a P-channel MOS
transistor Tp and an N-channel MOS transistor Tn, like the
one shown 1n FIG. 4, 1s normally arranged on the first stage
of the mternal circuit 13 shown 1 FIG. 1. The source of the
MOS transistor Tp 1s connected to the power supply line
15-1, 1ts drain 1s connected to that of the MOS transistor Tn,
and 1ts gate receives an mput signal Vin. The source of the
MOS transistor Tn 1s connected to the power supply line
15-2, and its gate receives the input signal Vin. A signal Vout
output from the drain connecting point between the MOS
transistors Tp and Tn 1s supplied to the circuit on the next
stage.

FIG. 5 shows the characteristics of the CMOS inverter 17.
Reference symbol Vt denotes a threshold voltage of this
circuit. As shown 1 FIG. 5, the threshold voltage Vit is
dependent on the power supply voltage, and changes in
phase with the internal power supply potential Vint. As
shown 1n FIG. 1, the internal power supply potential Vint
and the 1nternal ground potential Vss output from the supply
voltage-lowering circuit 14 are equivalent to those coupled
through the capacitor 16 (capacitance). Therefore, in
response to variations in potential Vint, the mternal ground
potential Vss also varies in phase. However, the external
oround potential GND 1s not always 1n phase with the
internal power supply potential Vint and the internal ground
potential Vss. For this reason, variations in threshold voltage
V1t upon variations 1n internal power supply potential Vint
may change the determination criterion of “H”/L” level of
the mput signal Vin with reference to the external ground
potential GND. To assure the operations of the memory
portion 12 and the internal circuit 13, a stable internal power
supply potential Vint must be supplied.

However, 1n the supply voltage-lowering circuit 14 hav-
ing an arrangement like the one shown in FIG. 2, immedi-
ately after the chip control signal /RAS changes to “L” level,
or when the power consumption in the chip 11 increases to
decrease the internal power supply potential Vint, the driv-
ing MOS transistor T0 1s turned on to supply electric charges
from the terminal of the external power supply potential
Vext to the output node N2, resulting in an increase in
internal power supply potential Vint. The variation 1n inter-
nal power supply potential Vint is determined by the supply
amount and consumption amount of electric charges. The
charge consumption amount in turn 1s determined by the
power consumption in the chip. As the power consumption
in the chip increases with an increase 1 chip area or the like,
the charge consumption amount inevitably increases to
require a larger charge supply amount. For this reason, the
internal power supply potential Vint greatly varies along
with the increase 1n chip area.

To solve this problem, 1t 1s conceivable to decrease the
channel width W of the driving MOS ftransistor TO which
supplies the internal power supply potential Vint. However,
the channel width W of the MOS transistor TO must ensure
a driving ability which can cope with an increase 1n power
consumption of the chip when, ¢.g., the signal /RAS changes
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to PLO level. The channel width W cannot be set smaller
only to suppress variations in internal power supply poten-
fial Vint. Accordingly, variations in internal power supply
potential Vint become larger 1n proportion to the increase in
power consumption in the chip, and a stable internal power
supply potential Vint becomes hard to supply.

As described above, 1n the semiconductor device having
the conventional supply voltage-lowering circuit, the inter-
nal power supply potential output from the supply voltage-
lowering circuit varies immediately after the operation starts
or when the power consumption in the chip increases
abruptly, resulting 1n a malfunction of the internal circuit.

BRIEF SUMMARY OF THE INVENTION

It 1s therefore the first object of the present invention to
provide a semiconductor device having a supply voltage-
lowering circuit which can suppress variations in internal
power supply potential and generate a stable internal power
supply potential.

It 1s the second object of the present mnvention to provide
a semiconductor memory device having a supply voltage-
lowering circuit which can suppress variations in internal
power supply potential and generate a stable internal power
supply potential.

To achieve the first object of the present invention
described above, there 1s provided a semiconductor device
comprising a semiconductor chip, an 1nternal circuit
arranged 1n the semiconductor chip, a first supply voltage-
lowering circuit arranged in the semiconductor chip to step
down an external power supply potential of the semicon-
ductor chip in response to a control signal, generate a first
internal power supply potential, and supply the first internal
power supply potential to the internal circuit, and a second
supply voltage-lowering circuit arranged in the semiconduc-
tor chip to step down the external power supply potential of
the semiconductor chip in response to the control signal,
ogenerate a second internal power supply potential of sub-
stantially the same level as that of the first mnternal power
supply potential, and supply the second internal power
supply potential to the internal circuit, wherein the first and
second 1nternal power supply potentials output from the first
and second supply voltage-lowering circuits change out of
phase with each other to cancel out variations 1n first and
second 1nternal power supply potentials.

With this arrangement, variations in first internal power
supply potential are canceled out by those in second 1nternal
power supply potential by making the potentials of the first
and second supply voltage-lowering circuits change out of
phase with each other. Therefore, variations in internal
power supply potential can be suppressed, and a stable
internal power supply potential can be generated.

To achieve the first object of the present invention
described above, there 1s provided a semiconductor device
comprising a semiconductor chip, an 1nternal circuit
arranged 1n the semiconductor chip, a first supply voltage-
lowering circuit arranged in the semiconductor chip to step
down an external power supply potential of the semicon-
ductor chip in response to a control signal, generate a first
internal power supply potential, and supply the first internal
power supply potential to the internal circuit, and a second
supply voltage-lowering circuit arranged in the semiconduc-
tor chip to step down the external power supply potential of
the semiconductor chip in response to the control signal,
ogenerate a second internal power supply potential of sub-
stantially the same level as that of the first internal power
supply potential, and supply the second internal power
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supply potential to the internal circuit, wherein the first and
seccond supply voltage-lowering circuits have different
operation threshold voltages, and the first and second inter-
nal power supply potentials are out of phase to cancel out
variations 1n first and second internal power supply poten-
tials.

With this arrangement, variations in first internal power
supply potential are canceled out by those in second 1nternal
power supply potential by setting different operation thresh-
old voltages for the first and second supply voltage-lowering
circuits. Therefore, variations in internal power supply
potential can be suppressed, and a stable mternal power
supply potential can be generated.

Further, to achieve the first object of the present invention,
there 1s provided a semiconductor device comprising a
semiconductor chip, an internal circuit arranged i the
semiconductor chip, a first supply voltage-lowering circuit
arranged 1n the semiconductor chip to step down an external
power supply potential of the semiconductor chip in
response to a control signal, generate a first internal power
supply potential, and supply the first internal power supply
potential to the internal circuit, and a second supply voltage-
lowering circuit arranged in the semiconductor chip to step
down the external power supply potential of the semicon-
ductor chip in response to the control signal, generate a
second 1nternal power supply potential of substantially the
same as the first internal power supply potential, and supply
the second internal power supply potential to the internal
circuit, wherein the first and second supply voltage-lowering
circuits have different response speeds to generate a phases
difference between the first and second internal power
supply potentials to cancel out variations in {irst and second
internal power supply potentials.

With this arrangement, variations 1n first internal power
supply potential are canceled out by those 1n second internal
power supply potential by setting different response speeds
for the first and second supply voltage-lowering circuits.
Therefore, variations 1n internal power supply potential can
be suppressed, and a stable internal power supply potential
can be generated.

To achieve the second object of the present ivention,
there 1s provided a semiconductor memory device compris-
ing a semiconductor chip, a plurality of memory cell arrays
arranged 1n the semiconductor chip and divided into at least
two subarrays 1n vertical and horizontal directions, pads
arranged along at least two opposite sides of the semicon-
ductor chip around the plurality of memory cell arrays, a first
supply voltage-lowering circuit arranged 1n the semiconduc-
tor chip to step down an external power supply potential of
the semiconductor chip in response to a control signal,
generate a first internal power supply potential, and supply
the first internal power supply potential to the memory cell
arrays, and a second supply voltage-lowering circuit
arranged 1n the semiconductor chip to step down the external
power supply potential of the semiconductor chip in
response to the control signal, generate a second internal
power supply potential of substantially the same level as that
of the first internal power supply potential, and supply the
second 1nternal power supply potential to the memory cell
arrays, the second supply voltage-lowering circuit being
cancel out variation in {irst internal power supply potential
by variation in second internal power supply potential,
wherein the first and second supply voltage-lowering cir-
cuits are respectively arranged near center pads on the two
opposite sides of the semiconductor chip to be adjacent to
cach other, pads near the first and second supply voltage-
lowering circuits receive the external power supply potential
and an external ground potential.
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With this arrangement, variations in {irst internal power
supply potential are canceled out by those 1n second internal
power supply potential of the second supply voltage-
lowering circuit. Therefore, variations 1n internal power
supply potential can be suppressed, and a stable internal
power supply potential can be generated. In addition, the
first and second supply voltage-lowering circuits are
arranged near the central portion of the semiconductor chip
to be adjacent to the pad for inputting the external power
supply potential and the pad for inputting the external
oround potential. Variations in internal power supply poten-
tial can be mimimized, a uniform potential can be supplied
in the chip, and malfunctions caused by variations 1n internal
power supply potential can be suppressed.

To achieve the second object of the present invention,
there 1s provided a semiconductor memory device compris-
ing a semiconductor chip, a plurality of memory cell arrays
arranged 1n the semiconductor chip and divided into at least
two subarrays 1n vertical and horizontal directions, pads
arranged between central memory cell arrays of the plurality
of memory cell arrays, a first supply voltage-lowering circuit
arranged 1n the semiconductor chip to step down an external
power supply potential of the semiconductor chip in
response to a control signal, generate a first internal power
supply potential, and supply the first internal power supply
potenfial to the memory cell arrays, and a second supply
voltage-lowering circuit arranged 1n the semiconductor chip
to step down the external power supply potential of the
semiconductor chip in response to the control signal, gen-
erate a second internal power supply potential of substan-
tially the same level as that of the first internal power supply
potential, and supply the second internal power supply
potential to the memory cell arrays, the second supply
voltage-lowering circuit being cancel out variation in first
internal power supply potential by variation 1 second
internal power supply potential, wherein the first and second
supply voltage-lowering circuits are respectively arranged
near center pads to be adjacent to each other, pads near the
first and second supply voltage-lowering circuits receive the
external power supply potential and an external ground
potential.

With this arrangement, variations in first internal power
supply potential are canceled out by those in second 1nternal
power supply potential of the second supply voltage-
lowering circuit. Therefore, variations in internal power
supply potential can be suppressed, and a stable internal
power supply potential can be generated. In addition, the
first and second supply voltage-lowering circuits are
arranged near the central portion of the semiconductor chip
with a short distance therebetween together with the pads.
Also 1n the semiconductor memory device having center
pads, a uniform potential can be supplied i the chip, and
malfunctions can be suppressed.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out 1n the
appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
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the general description given above and the detailed descrip-
fion of the preferred embodiments given below, serve to
explain the principles of the mnvention.

FIG. 1 1s a block diagram showing the schematic arrange-
ment of an extracted circuit portion related to a supply
voltage-lowering circuit of a semiconductor memory device
to explain a conventional semiconductor device having the
supply voltage-lowering circuit;

FIG. 2 1s a circuit diagram showing an example of the

configuration of the supply voltage-lowering circuit in the
circuit shown 1n FIG. 1;

FIG. 3 1s a timing chart for explaining the operation of the
circuit shown 1n FIG. 2;

FIG. 4 1s a circuit diagram showing an example of the
coniiguration of the first stage of the internal circuit 1n the
circuit shown in FIG. 1;

FIG. § 1s a waveform chart for explaining the character-
istics of a CMOS mverter shown 1n FIG. 4;

FIG. 6 1s a block diagram showing the schematic arrange-
ment of an extracted circuit portion related to supply
voltage-lowering circuits of a semiconductor memory
device to explain a semiconductor device according to the
first embodiment of the present mnvention;

FIG. 7 1s a plan view showing an example of the pattern

layout of supply voltage-lowering circuits i the circuit
shown 1n FIG. 6;

FIG. 8 1s a circuit diagram showing an example of the
detailed configurations of the supply voltage-lowering cir-
cuits 1n the circuit shown 1n FIGS. 6 and 7,

FIG. 9 1s a timing chart for explaining the operations of
the circuits shown i1n FIG. 8;

FIG. 10 1s a plan view showing another example of the
pattern layout of the supply voltage-lowering circuits 1n the
circuit shown 1n FIG. 6;

FIG. 11 1s a circuit diagram showing another example of
the configurations of supply voltage-lowering circuits to
explain a semiconductor device according to the second
embodiment of the present invention;

FIG. 12 1s a timing chart for explaining the operations of
the circuits shown 1n FIG. 11;

FIG. 13 1s a view for explaining the relationship between
the internal power supply potential, the circuit threshold
voltages of the first and second supply voltage-lowering
circuits, and the operation of the driving MOS transistor;

FIG. 14 1s a circuit diagram showing still another example
of the configurations of supply voltage-lowering circuits to
explain a semiconductor device according to the third
embodiment of the present invention;

FIG. 15 1s a timing chart for explaining the operations of
the circuits shown 1n FIG. 14;

FIG. 16 1s a block diagram showing the schematic
arrangement of an extracted circuit portion related to supply
voltage-lowering circuits to explain a semiconductor device
according to the fourth embodiment of the present invention;
and

FIG. 17 1s a circuit diagram showing an example of the
confligurations of the supply voltage-lowering circuits in the
circuit shown 1n FIG. 16.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 6 1s an explanatory view for a semiconductor device
according to the first embodiment of the present invention,
and shows the schematic arrangement of an extracted circuit
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portion related to a supply voltage-lowering circuit of a
semiconductor memory device. A semiconductor chip 11
receives an external power supply potential Vext, a ground
potential GND, an input signal Vin, a chip control signal
/RAS, and the like. This chip 11 includes a memory portion
12, an internal circuit 13, supply voltage-lowering circuits
14-1 and 14-2, and the like. The supply voltage-lowering,
circuits 14-1 and 14-2 step down the external power supply
potential Vext supplied to the chip 11 to generate internal
power supply potentials Vintl and Vint2. The internal power
supply potentials Vintl and Vint2 are superposed on each
other to obtain an internal power supply potential Vint which
1s supplied to a power supply line 15-1. The external ground
potential GND 1s applied to a power supply line 15-2 and
used as an 1nternal ground potential Vss. With this
arrangement, an operation voltage 1s applied to the memory
portion 12 and the imternal circuit 13 through the power
supply lines 15-1 and 15-2. A capacitor 16 equivalently
represents the capacitance between the power supply lines

15-1 and 15-2.

FIG. 7 shows an example of the pattern layout of the
supply voltage-lowering circuits 14-1 and 14-2 1n the circuit
shown i FIG. 6. The chip 11 comprises four divided
memory cell arrays 19-1 to 19-4. Pads 20 are arranged along
the four sides of the chip 11 around these memory cell arrays
19-1 to 19-4. The supply voltage-lowering circuits 14-1 and
14-2 are arranged near two opposite sides 1n the region
between the memory cell arrays 19-1 and 19-3 and the
memory cell arrays 19-2 and 19-4. Of the pads 20, a pad 20A
arranged near the supply voltage-lowering circuit 14-2
serves to mput the external power supply potential Vext, and
a pad 20B arranged near the supply voltage-lowering circuit
14-1 serves to 1mput the external ground potential GND.

FIG. 8 1s a circuit diagram showing an example of the
detailed arrangements of the supply voltage-lowering cir-
cuits 14-1 and 14-2 in the circuit shown m FIGS. 6 and 7.
The supply voltage-lowering circuit 14-1 1s constituted by a

current-mirror differential amplifier M-1 1ncluding
P-channel MOS transistors T1-1 and T2-1 and N-channel

MOS transistors T3-1 to T5-1, a P-channel MOS transistor
1T7-1 which controls the operation of the differential ampli-
fier M-1, N-channel MOS transistors T6-1 and T8-1, a
driving P-channel MOS transistor T0-1 for stepping down
the external power supply potential Vext to the internal
power supply potential Vintl and supplying the internal
power supply potential Vintl to the memory portion 12 and
the 1nternal circuit 13, resistors R3 and R4 which generate
a monitor potential Vm1 to monitor the level of the internal
power supply potential Vintl, and the like.

The sources of the MOS transistors T1-1 and T2-1 are

commonly connected, to the common source connecting
point of which the external power supply potential Vext 1s
applied. The drains of the MOS transistors T1-1 and T2-1
are respectively connected to those of the MOS transistors
T3-1 and T4-1, and the sources of the MOS transistors T3-1
and T4-1 are commonly connected. The gates of the MOS
transistors T1-1 and T2-1 are commonly connected, and this
common gate connecting point 1s connected to the common
drain connecting point between the MOS transistors T2-1
and T4-1. A reference potential Vref 1s applied to the gate of
the MOS ftransistor T3-1, and the monitor potential Vml 1s
applied to the gate of the MOS transistor T4-1. The drain of
the MOS transistor T5-1 1s connected to the source connect-
ing point between the MOS ftransistors T3-1 and T4-1, its
cgate 1s connected to the gate connecting point between the
MOS transistors T1-1 and T2-1, and 1its source 1s connected
to the drain of the MOS transistor T6-1. The internal ground
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potential Vss 1s applied to the source of the MOS transistor
T6-1, and an internal RAS* signal (signal having a phase
opposite to that of the chip control signal /RAS) is supplied
to the gate.

The source of the MOS transistor TO-1 receives the
external power supply potential Vext, and its gate 1s con-

nected to an output node N1-1 (drain connecting point
between the MOS transistors T1-1 and T3-1) of the differ-

ential amplifier M-1. The channel width W of the MOS
transistor T0-1 has an optimum value which 1s determined
by the sum of power consumptions of the memory portion
12 and the mternal circuit 13. The source of the MOS
transistor 17-1 1s connected to the drain of the MOS
transistor T0-1, and 1its gate receives the internal ground
potential Vss. The internal ground potential Vss 1s applied to
the source of the MOS transistor 18-1, and the chip control
signal /RAS 1s supplied to its gate. The resistors R3 and R4
are series-connected between the drains of the MOS tran-
sistors T7-1 and T8-1. The gate of the MOS transistor T4-1
1s connected to the connecting point between the resistors
R3 and R4 to apply the monitor potential Vm1. The mternal
power supply potential Vintl 1s output from the connecting,
point (output node N2-1) between the drain of the MOS
transistor T0-1 and the source of the MOS transistor T7-1.

On the other hand, the supply voltage-lowering circuit

14-2 1s constituted by a current-mirror differential amplifier
M-2 including P-channel MOS transistors T1-2 and T2-2

and N-channel MOS transistors T3-2 to T5-2, a P-channel
MOS transistor T7-2 which controls the operation of the
differential amplifier M-2, N-channel MOS ftransistors T6-2
and T8-2, a driving P-channel MOS transistor T0-2 for
stepping down the external power supply potential Vext to
the 1nternal power supply potential Vint2 and supplying the
internal power supply potential Vint2 to the memory portion
12 and the internal circuit 13, resistors RS and R6 which
generate a monitor potential Vm2 to monaitor the level of the
internal power supply potential Vint2, and the like.

The differential amplifier M-2 has substantially the same
circuit configuration as that of the differential amplifier M-1.
The drain of the MOS transistor T6-2 which controls the
operation of the differential amplifier M-2 1s connected to
the source of the MOS transistor T5-2. The internal ground
potential Vss 1s applied to the source of the MOS transistor
6-2, and the internal RAS* signal 1s supplied to 1ts gate.

The source of the MOS transistor T0-2 receives the
external power supply potential Vext, and its gate 1s con-
nected to an output node N1-2 of the differential amplifier
M-2. The channel width W of the MOS transistor T0-2 has
an optimum value which 1s determined by the sum of power
consumptions of the memory portion 12 and the internal
circuit 13. The source of the MOS transistor T7-2 1s con-
nected to the drain of the MOS transistor T0-2, and 1ts gate
receives the chip control signal /RAS. The internal ground
potential Vss 1s applied to the source of the MOS transistor
18-2, and the external power supply potential Vext 1s applied
to 1ts gate. The resistors RS and R6 are series-connected
between the drains of the MOS transistors T7-2 and TS8-2.
The gate of the MOS transistor T4-2 1s connected to the
connecting point between the resistors RS and R6 to apply
the monitor potential Vm2. The internal power supply
potential Vint2 is output from the connecting point (output
node N2-2) between the drain of the MOS transistor T0-2
and the source of the MOS transistor T7-2.

Note that the resistors R3 and RS have the same resistance
value, while the resistors R4 and R6 have the same resis-
tance value.
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With reference to a timing chart in FIG. 9, the operation
of the circuit portion having the above arrangement will be
explained. When the chip control signal /RAS 1s at “H” level
(internal RAS™* signal 1s at “L” level), the MOS transistors
T6-1, T6-2, and T7-2 are OFFE, and the MOS transistors T7-1
and T8-2 are ON, so that both the differential amplifiers M-1
and M-2 are 1nactive. At this time, the transistors T0-1 and
T0-2 are OFF because the output nodes N1-1 and N1-2 of
the differential amplifiers M-1 and M-2, 1.¢., the gate poten-
tials Vgl and Vg2 of the MOS transistors T0-1 and T0O-2 are

at “H” level. The monitor potential Vml 1s equal to the
internal power supply potential Vintl because the connect-
ing point between the resistors R3 and R4 1s connected to the
output node N2-1 through the resistor R3 and the drain-
source path of the MOS transistor T7-1. To the contrary, the
monitor potential Vm2 1s equal to the internal ground
potential Vss because the connecting point between the
resistors RS and Ré6 1s grounded through the drain-source

path of the MOS transistor T8-2.

When the chip control signal /RAS changes from “H”

level to “L” level (internal RAS* signal changes from “L”
level to “H” level), the MOS transistors T6-1 and T6-2 are

turned on to activate the differential amplifiers M-1 and M-2,
and the MOS ftransistors T7-2 and T8-1 are also turned on.
At this time, Vm1>Vrel because the monitor potential Vml
becomes equal to the internal power supply potential Vintl.

The output node N1-1 (potential Vgl) of the differential
amplifier M-1 remains at “H” level, and the MOS ftransistor
T0-1 remains OFF. On the other hand, Vm2<Vref because
the monitor potential Vm2 becomes equal to the internal
ground potential Vss. The output node N1-2 (potential Vg2)
of the differential amplifier M-2 1s 1mverted to “L” level to
turn on the MOS transistor N1-2. With this operation, the
output node N2-2 of the supply voltage-lowering circuit
14-2 1s charged by the external power supply potential Vext
to 1ncrease the internal power supply potential Vint2. That 1s,
the power supply line 15-1 1s driven by a small driving
ability of only the output potential Vint2 of the supply
voltage-lowering circuit 14-2 (Vint=Vint2).

Upon turning on the MOS ftransistor T8-1, the monitor
potential Vm1 gradually drops from the standby potential
Vintl to Vintl-r4/(r3+r4) (r3 and r4: resistance values of the
resistors R3 and R4). Since Vm1>Vref while the potential
Vml decreases from the potential Vintl to Vintl r4/(r3+r4),
the MOS transistor T0-1 remains OFF (this period can be
prolonged by setting large resistance values of the resistors
R3 and R4 while keeping the resistance ratio r3/r4 constant).
When the potential Vml falls and Vml<Vref holds, the
MOS transistor T0-1 1s turned on, and the output node N2-1
of the supply voltage-lowering circuit 14-1 1s charged by the
external power supply potential Vext to raise the internal
power supply potential Vintl. With this operation, the power
supply line 15-1 1s driven by the output potential Vint2 of the
supply voltage-lowering circuit 14-2 and the output potential
Vintl of the supply voltage-lowering circuit 14-1. When the
potential Vintl increases to Vintl-r4/(r3 +r4)=Vref,
Vml>Vref holds. The output node N1-1 of the differential
amplifier M-1 changes to “H” level to turn off the MOS
transistor T0-1, which mterrupts the supply of electric
charges to the output node N2-1 of the supply voltage-
lowering circuit 14-1. The power supply line 15-1 1s driven
again by only the output potential Vint2 of the supply
voltage-lowering circuit 14-2. In this way, when the poten-
tial of the power supply line 15-1 drops, the supply voltage-
lowering circuit 14-1 compensates for this decrease by
repeatedly performing the same operation.

In the supply voltage-lowering circuit 14-2, when the
potential Vint2 rises from the standby potential Vss to
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Vint2-r6/(rS+r6)=Vref (r§ and r6: resistance values of the
resistors RS and R6), Vm2>Vref holds. The output node
N1-2 of the differential amplifier M-2 changes to “H” level
to turn off the MOS transistor T0-2, which interrupts the
supply of electric charges to the output node N2-2 of the

supply voltage-lowering circuit 14-2. When the potential
Vm2 drops and Vm2<Vref holds, the MOS transistor T0-2

1s turned on again to repeatedly perform the same operation.

In the above arrangement, the internal power supply
potentials Vintl and Vint2 output from the supply voltage-
lowering circuits 14-1 and 14-2 change out of phase with
each other (Vintl and Vint2 are on the same level). Since the
potential variations can be canceled out by each other, a
stable internal power supply potential Vint can be supplied
to the power supply line 15-1. Therefore, a semiconductor
device having a supply voltage-lowering circuit which can
suppress variations 1n internal power supply potential and
ogenerate a stable internal power supply potential can be
provided.

When the present invention 1s applied to a semiconductor
memory device, variations in potential (internal power sup-
ply potential) applied to a memory cell may hinder read and
write operations of storage information with respect to the
memory cell, causing malfunctions. However, variations 1n
internal power supply potential can be minimized to supply
a uniform potential m the chip by arranging the supply
voltage-lowering circuits 14-1 and 14-2 near the central
portion of the chip 11 to be adjacent to the pad 20A for
inputting the external power supply potential Vext and the
pad 20B for inputting the external ground potential GND,
respectively, as shown i FIG. 7. With this arrangement,
malfunctions due to variations in internal power supply
potential can be suppressed.

FIG. 10 shows another example of the pattern layout of
the supply voltage-lowering circuits 14-1 and 14-2 1n the
circuit shown 1 FIG. 6. That 1s, FIG. 7 shows the pattern
layout of peripheral pads, whereas FIG. 10 shows a semi-
conductor memory device having center pads. The same
reference numerals 1n FIG. 10 denote the same parts as 1n
FIG. 7, and a detailed description thereof will be omitted.

In either layout of peripheral pads or center pads, a
uniform potential can be supplied 1n the chip 11 to suppress
malfunctions by arranging the supply voltage-lowering cir-
cuits 14-1 and 14-2 near the central portion of the chip 11 to
be adjacent to the pads 20A and 20B, respectively.

The first embodiment exemplifies the case 1n which the
standby monitor potentials Vml and Vm2 of the supply
voltage-lowering circuits 14-1 and 14-2 are equal to the
internal power supply potential Vint and the internal ground
potential Vss, respectively. However, the same operation
cifect can be obtained even i1n an arrangement wherein the
standby monitor potentials Vml and Vm2 are equal to the
internal power supply potential Vint and the reference poten-
tial Vref, respectively, or the reference potential Vref and the
internal ground potential Vss.

FIG. 11 1s an explanatory view for a semiconductor device
according to the second embodiment of the present
invention, and shows another example of the configurations
of supply voltage-lowering circuits 14-1 and 14-2. The
circuits shown 1n FIG. 11 are different from those shown 1n
FIG. 8 1n that the internal ground potential Vss 1s applied to
the gate of a MOS transistor 17-2, instead of the chip control
signal /RAS, and the internal RAS* signal 1s supplied to the
cgate of a MOS transistor 18-2, instead of the external power
supply potential Vext. Further, resistors R7 and RS replace
the resistors R3 and R4, and resistors R9 and R10 replace the
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resistors RS and R6. The resistance ratio r7/r8 of the resistors
R7 and RS 1s set different from the resistance ratio r9/r10 of
the resistors R9 and R10. The level of the monitor potential
Vml 1s set different from that of the monitor potential Vm2.
With this setting, the operation threshold voltages of the
supply voltage-lowering circuits 14-1 and 14-2 change to
obtain different operation threshold voltages.

In the above arrangement, as shown 1n a timing chart of
FIG. 12, when the chip control signal /RAS changes from
“H” level to “L” level (internal RAS* signal changes from
“L” level to “H” level), differential amplifiers M-1 and M-2
are activated. MOS transistors T8-1 and T8-2 are turned on,
and the monitor potentials Vm3d and Vm4 drop from the
standby internal power supply potentials Vint3 and Vint4 to
Vint3-r8/(r7+r8) and Vint4-r10/(r9 +rl10), respectively.
Assuming that the resistance ratio r7/r8 of the resistors R7
and R8 and the resistance ratio r9/r10 of the resistors R9 and
R10 satisty r7/18<r9/r10, VmS5>Vm6 holds. The circuit
threshold voltage Vtl of the supply voltage-lowering circuit
14-1 1s different from the circuit threshold voltage Vi2 of the
supply voltage-lowering circuit 14-2. As shown 1n FIG. 13,
a MOS transistor T0-1 is turned on and off faster than a MOS
transistor T0-2. Therefore, in accordance with the level of
the mnternal power supply potential Vint, the supply voltage-
lowering circuits 14-1 and 14-2 operate 1n any one of three
states, 1.e., neither of the supply voltage-lowering circuits
14-1 and 14-2 operate (Vint>Vtl); the supply voltage-
lowering circuit 14-1 operates, while the supply voltage-
lowering circuit 14-2 does not operate (Vtl>Vint>Vt2); and

both the supply voltage-lowering circuits 14-1 and 14-2
operate (Vi2>Vint).

With this operation, the internal power supply potential
Vintd of the supply voltage-lowering circuit 14-1 and the
internal power supply potential Vint4 of the supply voltage-
lowering circuit 14-2 vary out of phase with each other. As
a result, phase shifts can be canceled out by each other, and
a stable 1nternal power supply potential Vint can be supplied.

FIG. 14 1s an explanatory view for a semiconductor
device according to the third embodiment of the present
invention, and shows still another example of the arrange-
ments of supply voltage-lowering circuits 14-1 and 14-2.
The circuits shown 1n FIG. 14 are different from those
shown 1n FIG. 11 1n that resistors R11 and R12 replace the
resistors R7 and RS, resistors R13 and R14 replace the
resistors R9 and R10, the resistance ratio r1l/r12 of the
resistors R11 and R12 1s set equal to the resistance ratio
r13/r14 of the resistors R13 and R14, and the sum of the
resistances of the resistors R11 and R12 1s set different from
that of the resistors R13 and R14, thereby flowing different
currents I1ntS and Iinté through the resistors R11 and R12
and the resistors R13 and R14, respectively. With this
setting, the response speeds of supply voltage-lowering
circuits 14-1 and 14-2 become different from each other.

In this embodiment, by setting r11<rl3 and r11/r12=r13/
r14, the time constants of Vm3 and Vm6 obtained by
dividing the internal power supply potentials Vint5 and
Vintb are so set that the supply voltage-lowering circuit 14-1
has a quick response characteristic and the supply voltage-
lowering circuit 14-2 has a slow response characteristic, thus
ogenerating a phase difference between the internal power
supply potentials Vint5 and Vint6.

In the above arrangement, as shown 1n a timing chart of
FIG. 15, when the chip control signal /RAS changes from

“H” level to “L” level (internal RAS* signal changes from
“L” level to “H” level), differential amplifiers M-1 and M-2

are activated, and MOS transistors T8-1 and T8-2 are turned
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on. The monitor potential Vm3S drops from the standby
internal power supply potential VintS to Vint5-r12/(r11+
r12), while the monitor potential Vmé6 drops from the
standby internal power supply potential Vinté to Vint6-r14/
(r13+r14). At this time, the current IintS flowing through the
resistors R11 and R12 1s determined by the internal power
supply potential VintS and the sum r11+r12 of the resistance
values of the resistors R11 and R12. The current Iint6
flowing through the resistors R13 and R14 1s determined by
the internal power supply potential Vinté and the sum
r13+r14 of the resistance values of the resistors R13 and
R14. Since r11+r12<r13+r14, Iint5<Iint6, and the monitor
potential Vm3 settles from VmS=VintS to a normal state
VmS=Vref faster than the monitor potential Vm6. As for the
response of the monitor potential Vm to the internal power
supply potential Vint when electric charges are consumed 1n
a chip 11 to decrease the internal power supply potential
Vint, the potential VmS falls within the range Vm<Vret
faster than the potential Vm®6.

The output potential Vint3 of the supply voltage-lowering,
circuit 14-1 varies at a short period, while the output
potential Vinté of the supply voltage-lowering circuit 14-2
varies at a long period. Thus, the phase shifts of the
potentials VintS and Vinté can be canceled out by each other,
and a stable internal power supply potential Vint can be
supplied.

Note that the first to third embodiments exemplify the
semiconductor memory device, but the present mvention
can be generally applied to other semiconductor devices.
FIG. 16 1s an explanatory view for a semiconductor device
according to the fourth embodiment of the present invention,
and shows first and second supply voltage-lowering circuits
and a control circuit for controlling the operations of these
supply voltage-lowering circuits. The control circuit 1s con-
stituted by NAND gates 30 and 31 and inverters 32 and 33.
A signal BLOVOL (=external power supply potential Vext)
1s supplied to a first mput terminal S1-1 of a supply
voltage-lowering circuit 14-1, the one 1nput terminal of each
of the NAND gates 30 and 31, and the input terminal of the
mverter 33. A signal RACV {for controlling activation/
inactivation of the supply voltage-lowering circuits 14-1 and
14-2 1s supplied to the other mnput terminal of the NAND
cgate 30, an 1nput terminal S3-1 of the supply voltage-
lowering circuit 14-1, the input terminal of the inverter 32,
and an 1nput terminal S3-2 of the supply voltage-lowering
circuit 14-2. The output signal from the NAND gate 30 1s
supplied to the supply voltage-lowering circuit 14-1. The
output signal from the mverter 32 1s supplied to the other
input terminal of the NAND gate 31, and the output signal
from the NAND gate 31 1s supplied to an input terminal S1-2
of the supply voltage-lowering circuit 14-2. The output
signal from the mverter 33 1s supplied to an mput terminal
S2-2 of the supply voltage-lowering circuit 14-2. The output
terminals of the supply voltage-lowering circuits 14-1 and
14-2 are commonly connected. The output potential Vint of
the supply voltage-lowering circuits 14-1 and 14-2 1s sup-
plied as an operation power supply to an internal circuit (not
shown). Note that the NAND gate 31 and the inverters 32
and 33 surrounded by a chain double-dashed line have a
CMOS structure, and the potential Vext 1s applied to the
source and backgate of a P-channel MOS transistor.

As shown 1n FIG. 17, the supply voltage-lowering circuits
14-1 and 14-2 basically have the same circuit configurations
as those 1n the first to third embodiments described above.
The gate electrode of the MOS transistor T8-1 corresponds
to the first mput terminal S1-1 of the supply voltage-
lowering circuit 14-1 1n FIG. 16, the gate electrode of the
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MOS transistor 1T7-1 corresponds to a second 1nput terminal
S2-1, and the gate electrode of the MOS transistor T6-1
corresponds to the third input terminal S3-1. The gate
clectrode of the MOS transistor T8-2 corresponds to the first
mput terminal S1-2 of the supply voltage-lowering circuit
14-2 1 FIG. 16, the gate electrode of the MOS ftransistor
17-2 corresponds to 1ts second mput terminal S2-2, and the
cgate electrode of the MOS transistor $S6-2 corresponds to its
third 1mnput terminal S3-2. On the basis of the signal BLO-
VOL (external power supply potential Vext) and the control
signal RACYV, the supply voltage-lowering circuits 14-1 and
14-2 perform substantially the same operations as those 1n
the first embodiment.

With this arrangement, the supply voltage-lowering cir-
cuits 14-1 and 14-2 can be controlled using the control signal
RACYV. Therefore, the present invention can be easily
applied to semiconductor devices other than the semicon-
ductor memory device, and substantially the same operation
cifects as those 1 the first to third embodiments described
above can be obtained.

As has been described above, according to the present
invention, a semiconductor device having a supply voltage-
lowering circuit which can suppress variations in internal
power supply potential and generate a stable internal power
supply potential can be obtained.

Additional advantages and modifications will readily
occurs to those skilled 1in the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

We claim:

1. A semiconductor device comprising;

a semiconductor chip;
an 1nternal circuit arranged 1n said semiconductor chip;

a first supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down an external power
supply potential of said semiconductor chip 1n response
to a control signal, generate a {first internal power
supply potential, and supply the first internal power
supply potential to said internal circuit; and

a second supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down the external power
supply potential of said semiconductor chip 1n response
to the control signal, generate a second internal power
supply potential of substantially the same level as that
of the first internal power supply potential, and supply
the second internal power supply potential to said
internal circuit,

wherein the first and second internal power supply poten-

tials output from said first and second supply voltage-

lowering circuits operate out of phase with each other

to cancel out variations in first and second internal
power supply potentials.

2. A device according to claim 1, wherein said first supply
voltage-lowering circuit comprises first charge means for
receiving the external power supply potential and charging
a first output node to generate the first internal power supply
potential, first voltage divider means for dividing the poten-
fial of the output node to generate a first monitor potential,
and first compare means for comparing the output potential
of said first divider means with a reference potential to
control said first charge means, and said second supply
voltage-lowering circuit comprises second charge means for
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receiving the external power supply potential and charging
a second output node to generate the second internal power
supply potential, second voltage divider means for dividing
the potential of the second output node to generate a second
monitor potential, and second compare means for comparing
the output potential of said second divider means with the
reference potential to control said second charge means.

3. A device according to claim 2, wherein said first charge
means 1s a first MOS transistor of a first conductivity type in
which the external power supply potential 1s applied to one
end of a current path, the other end of the current path is
connected to the first output node, and a gate receives a
comparison output from said first compare means, and said
second charge means 1s a second MOS transistor of the first
conductivity type 1n which the external power supply poten-
tial 1s applied to one end of a current path, the other end of
the current path 1s connected to the second output node, and
a gate receives a comparison output from said second
compare means.

4. A device according to claim 2, wherein said first voltage
divider means comprises a third MOS transistor of a first
conductivity type in which one end of a current path is
connected to the first output node and a gate receives an
internal ground potential, a fourth MOS ftransistor of a
second conductivity type in which one end of a current path
receives the mternal ground potential and a gate receives a
signal having a phase opposite to that of the control signal,
and first and second load elements series-connected between
the other end of the current path of said third MOS transistor
and the other end of the current path of said fourth MOS
transistor, and outputs the first monitor potential from a
connecting point between said first and second load
clements, and said second voltage divider means comprises
a fifth M OS transistor of the first conductivity type in which
one end of a current path 1s connected to the second output
node and a gate receives the control signal, a sixth MOS
transistor of the second conductivity type 1n which one end
of a current path receives the internal ground potential and
a gate receives the external power supply potential, and third
and fourth load elements series-connected between the other
end of the current path of said fifth MOS transistor and the
other end of the current path of said sixth MOS transistor,
and outputs the second monitor potential from a connecting
point between said third and fourth load elements.

5. A device according to claim 4, wherein a ratio of
resistance values of said first and second load elements 1s
equal to a ratio of resistance values of said third and fourth
load elements.

6. A device according to claim 2, wherein each of said first
and second compare means comprises a seventh MOS
transistor of a first conductivity type in which the external
power supply potential 1s applied to one end of a current
path, an eighth MOS transistor of the first conductivity type
in which the external power supply potential 1s applied to
one end of a current path and a gate 1s connected to a gate
of said seventh MOS transistor, a ninth MOS transistor of a
second conductivity type in which one end of a current path
1s connected to the other end of the current path of said
seventh MOS fransistor and a gate receives a reference
potential, a 10th MOS transistor of the second conductivity
type 1n which one end of a current path 1s connected to the
other end of the current path of said eighth MOS transistor
and the gates of said seventh and eighth MOS transistors, the
other end of the current path i1s connected to the other end of
the current path of said ninth MOS transistor, and a gate
receives a monitor potential, an 11th MOS transistor of the
first conductivity type in which one end of a current path 1s
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connected to the other end of each of the current paths of
said ninth and 10th MOS transistors and a gate 1s connected
to the gates of said seventh and eighth MOS transistors, and
a 12th MOS transistor of the first conductivity type in which
one end of a current path 1s connected to the other end of the
current path of said 11th MOS transistor, the internal ground
potential 1s applied to the other end of the current path, and
a gate receives a signal having a phase opposite to that of the
control signal.
7. A semiconductor device comprising:

a semiconductor chip;
an 1nternal circuit arranged 1n said semiconductor chip;

a first supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down an external power
supply potential of said semiconductor chip in response
to a control signal, generate a first internal power
supply potential, and supply the first internal power
supply potential to said mternal circuit; and

a second supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down the external power
supply potential of said semiconductor chip in response
to the control signal, generate a second internal power
supply potential of substantially the same level as that
of the first internal power supply potential, and supply
the second internal power supply potential to said
internal circuit,

wheremn said first and second supply voltage-lowering
circuits have different operation threshold voltages, and
the first and second internal power supply potentials are
out of phase to cancel out variations 1n first and second
internal power supply potentials.

8. A device according to claim 7, wherein said first supply
voltage-lowering circuit comprises first charge means for
receiving the external power supply potential and charging
a first output node to generate the first internal power supply
potential, first voltage divider means for dividing the poten-
tial of the output node to generate a first monitor potential,
and first compare means for comparing the output potential
of said first divider means with a reference potential to
control said first charge means, and said second supply
voltage-lowering circuit comprises second charge means for
receiving the external power supply potential and charging
a second output node to generate the second internal power
supply potential, second voltage divider means for dividing
the potential of the second output node to generate a second
monitor potential, and second compare means for comparing
the output potential of said second divider means with the
reference potential to control said second charge means.

9. A device according to claim 8, wherein said first charge
means 1s a first MOS transistor of a first conductivity type in
which the external power supply potential 1s applied to one
end of a current path, the other end of the current path is
connected to the first output node, and a gate receives a
comparison output from said first compare means, and said
second charge means 1s a second MOS transistor of the first
conductivity type 1n which the external power supply poten-
tial 1s applied to one end of a current path, the other end of
the current path 1s connected to the second output node, and
a gate receives a comparison output from said second
compare means.

10. A device according to claim 8, wherein said first
voltage divider means comprises a third MOS transistor of
a first conductivity type 1n which one end of a current path
1s connected to the first output node and a gate receives an
internal ground potential, a fourth MOS ftransistor of a
second conductivity type in which one end of a current path




5,831,421

17

receives the mternal ground potential and a gate receives a
signal having a phase opposite to that of the control signal,
and first and second load elements series-connected between
the other end of the current path of said third MOS transistor
and the other end of the current path of said fourth MOS
transistor, and outputs the first monitor potential from a
connecting point between said first and second load
clements, said second voltage divider means comprises a
fifth MOS ftransistor of the first conductivity type 1n which
one end of a current path 1s connected to the second output
node and a gate receives the internal ground potential, a
sixth MOS transistor of the second conductivity type in
which one end of a current path receives the mternal ground
potential and a gate receives a signal having a phase opposite
to that of the control signal, and third and fourth load
clements series-connected between the other end of the
current path of said fifth MOS transistor and the other end
of the current path of said sixth MOS transistor, and outputs
the second monitor potential from a connecting point
between said third and fourth load elements, and the first
monitor potential 1s different from the second monitor
potential.

11. A device according to claim 10, wherein a ratio of
resistance values of said first and second load elements 1s
different from a ratio of resistance values of said third and
fourth load elements.

12. A device according to claim 8, wherein each of said
first and second compare means comprises a seventh MOS
transistor of a first conductivity type 1n which the external
power supply potential 1s applied to one end of a current
path, an eighth MOS transistor of the first conductivity type
in which the external power supply potential 1s applied to
one end of a current path and a gate 1s connected to a gate
of said seventh MOS transistor, a ninth MOS transistor of a
second conductivity type in which one end of a current path
1s connected to the other end of the current path of said
seventh MOS fransistor and a gate receives a reference
potential, a 10th MOS transistor of the second conductivity
type 1n which one end of a current path 1s connected to the
other end of the current path of said eighth MOS transistor
and the gates of said seventh and eighth MOS transistors, the
other end of the current path i1s connected to the other end of
the current path of said ninth MOS transistor, and a gate
receives a monitor potential, an 11th MOS transistor of the
first conductivity type 1n which one end of a current path 1s
connected to the other end of each of the current paths of
said ninth and 10th MOS transistors and a gate 1s connected
to the gates of said seventh and eighth MOS transistors, and
a 12th MOS transistor of the first conductivity type in which
one end of a current path 1s connected to the other end of the
current path of said 11th MOS transistor, the internal ground
potential 1s applied to the other end of the current path, and
a gate receives a signal having a phase opposite to that of the
control signal.

13. A semiconductor device comprising;:

a semiconductor chip;
an 1nternal circuit arranged 1n said semiconductor chip;

a first supply voltage-lowering circuit arranged m said
semiconductor chip to step down an external power
supply potential of said semiconductor chip 1n response
to a control signal, generate a first internal power
supply potential, and supply the first internal power
supply potential to said internal circuit; and

a second supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down the external power
supply potential of said semiconductor chip 1n response
to the control signal, generate a second 1nternal power
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supply potential of substantially the same as the first
internal power supply potential, and supply the second
internal power supply potential to said internal circuit,

wheremn said first and second supply voltage-lowering
circuits have different response speeds to generate a
phase difference between the first and second internal
power supply potentials to cancel out variations 1n first
and second 1nternal power supply potentials.

14. A device according to claim 13, wherein said first
supply voltage-lowering circuit comprises first charge
means for receiving the external power supply potential and
charging a first output node to generate the first internal
power supply potential, first voltage divider means for
dividing the potential of the output node to generate a first
monitor potential, and first compare means for comparing
the output potential of said first divider means with a
reference potential to control said first charge means, and
said second supply voltage-lowering circuit comprises sec-
ond charge means for receiving the external power supply
potential and charging a second output node to generate the
seccond 1nternal power supply potential, second voltage
divider means for dividing the potential of the second output
node to generate a second monitor potential, and second
compare means for comparing the output potential of said
second divider means with the reference potential to control
said second charge means.

15. A device according to claim 14, wherein said first
charge means 1s a first MOS transistor of a first conductivity
type 1n which the external power supply potential 1s applied
to one end of a current path, the other end of the current path
1s connected to the first output node, and a gate receives a
comparison output from said first compare means, and said
second charge means 1s a second MOS transistor of the first
conductivity type 1n which the external power supply poten-
tial 1s applied to one end of a current path, the other end of
the current path 1s connected to the second output node, and
a gate receives a comparison output from said second
compare means.

16. A device according to claim 14, wherein said first
voltage divider means comprises a third MOS transistor of
a first conductivity type 1n which one end of a current path
1s connected to the first output node and a gate receives an
internal ground potential, a fourth MOS transistor of a
second conductivity type in which one end of a current path
receives the iternal ground potential and a gate receives a
signal having a phase opposite to that of the control signal,
and first and second load elements series-connected between
the other end of the current path of said third MOS transistor
and the other end of the current path of said fourth MOS
transistor, and outputs the {first monitor potential from a
connecting point between said first and second load
clements, said second voltage divider means comprises a
fifth MOS transistor of the first conductivity type 1n which
one end of a current path 1s connected to the second output
node and a gate receives the internal ground potential, a
sixth MOS ftransistor of the second conductivity type 1n
which one end of a current path receives the internal ground
potential and a gate receives a signal having a phase opposite
to that of the control signal, and third and fourth load
clements series-connected between the other end of the
current path of said fifth MOS ftransistor and the other end
of the current path of said sixth MOS transistor, and outputs
the second monitor potential from a connecting point
between said third and fourth load elements, and a current
flowing through said first and second load elements 1is
different from a current flowing through said third and fourth
load elements.
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17. A device according to claim 16, wherein a ratio of
resistance values of said first and second load elements 1s
equal to a ratio of resistance values of said third and fourth
load elements, and a sum of the resistance values of said first
and second load eclements 1s different from a sum of the
resistance values of said third and fourth load elements.

18. A device according to claim 14, wherein each of said
first and second compare means comprises a seventh MOS
transistor of a first conductivity type in which the external
power supply potential 1s applied to one end of a current
path, an eighth MOS transistor of the first conductivity type
in which the external power supply potential 1s applied to
one end of a current path and a gate 1s connected to a gate
of said seventh MOS transistor, a ninth MOS transistor of a
second conductivity type in which one end of a current path
1s connected to the other end of the current path of said
seventh MOS fransistor and a gate receives a reference
potential, a 10th MOS transistor of the second conductivity
type 1n which one end of a current path 1s connected to the
other end of the current path of said eighth MOS transistor
and the gates of said seventh and eighth MOS transistors, the
other end of the current path i1s connected to the other end of
the current path of said ninth MOS transistor, and a gate
receives a monitor potential, an 11th MOS transistor of the
first conductivity type in which one end of a current path 1s
connected to the other end of each of the current paths of
said ninth and 10th MOS transistors and a gate 1s connected
to the gates of said seventh and eighth MOS transistors, and
a 12th MOS transistor of the first conductivity type in which
one end of a current path 1s connected to the other end of the
current path of said 11th MOS transistor, the internal ground
potential 1s applied to the other end of the current path, and
a gate receives a signal having a phase opposite to that of the
control signal.

19. A semiconductor memory device comprising:

a semiconductor chip;

a plurality of memory cell arrays arranged 1n said semi-
conductor chip and divided into at least two subarrays
1 vertical and horizontal directions;

pads arranged along at least two opposite sides of said
semiconductor chip around the plurality of memory cell
arrays;

a first supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down an external power
supply potential of said semiconductor chip 1n response
to a conftrol signal, generate a {first internal power
supply potential, and supply the first internal power
supply potential to the memory cell arrays; and

a second supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down the external power
supply potential of said semiconductor chip 1n response
to the control signal, generate a second internal power
supply potential of substantially the same level as that
of the first internal power supply potential, and supply
the second internal power supply potential to the
memory cell arrays, said second supply voltage-
lowering circuit canceling out variation in first internal
power supply potential by variation 1n second internal
power supply potential,

wherein said first and second supply voltage lowering
circuits are respectively arranged near center pads on
the two opposite sides of the semiconductor chip to be
adjacent each other, pads near said first and second
supply voltage-lowering circuits receive the external
power supply potential and an external ground poten-
tial.
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20. A device according to claim 19, wherein the first and
second 1nternal power supply potentials output from said
first and second supply voltage-lowering circuits change out
of phase with each other to cancel out variations 1n first and
second 1nternal power supply potentials.

21. A device according to claim 19, wherein said first and
second supply voltage-lowering circuits have different
operation threshold voltages, and the first and second inter-
nal power supply potentials are out of phase to cancel out
variations 1n first and second internal power supply poten-
fials.

22. A device according to claim 19, wherein said first and
second supply voltage-lowering circuits have different
response speeds to generate a phase difference between the
first and second 1nternal power supply potentials to cancel
out variations 1n first and second internal power supply
potentials.

23. A semiconductor memory device comprising:

a semiconductor chip;

a plurality of memory cell arrays arranged 1n said semi-
conductor chip and divided into at least two subarrays
1 vertical and horizontal directions;

pads arranged between central memory cell arrays of the
plurality of memory cell arrays;

a first supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down an external power
supply potential of said semiconductor chip 1n response
to a control signal, generate a {first internal power
supply potential, and supply the first internal power
supply potential to the memory cell arrays; and

a second supply voltage-lowering circuit arranged 1n said
semiconductor chip to step down the external power
supply potential of said semiconductor chip 1n response
to the control signal, generate a second internal power
supply potential of substantially the same level as that
of the first internal power supply potential, and supply
the second internal power supply potential to the
memory cell arrays, said second supply voltage-
lowering circuit canceling out variation in first internal
power supply potential by variation 1n second imternal
power supply potential,

wheremn said first and second supply voltage-lowering
circuits are respectively arranged near center pads to be
adjacent to each other, pads near said first and second
supply voltage-lowering circuits receive the external
power supply potential and an external ground poten-
t1al.

24. A device according to claim 23, wherein the first and
second 1nternal power supply potentials output from said
first and second supply voltage-lowering circuits change out
of phase with each other to cancel out variations 1n first and
second 1nternal power supply potentials.

25. A device according to claim 23, wherein said first and
second supply voltage-lowering circuits have different
operation threshold voltages, and the first and second 1inter-
nal power supply potentials are out of phase to cancel out
variations 1n first and second internal power supply poten-
fials.

26. A device according to claim 23, wherein said first and
seccond supply voltage-lowering circuits have different
response speeds to generate a phase difference between the
first and second internal power supply potentials to cancel
out variations 1n first and second internal power supply
potentials.
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